We investigated the role of cognitive control in intentional forgetting by manipulating working memory load during the think/no-think task. In two experiments, participants learned a series of cue-target word pairs and were asked to recall the target words associated with some cues or to avoid thinking about the target associated with other cues. In addition to this, participants also performed a modified version of the n-back task which required them to respond to the identity of a single target letter present in the currently presented cue word (n = 0 condition, low working memory load), and in either the previous cue word (n = 1 condition, high working memory load, Experiment 1) or the cue word presented two trials previously (n = 2 condition, high working memory load, Experiment 2). Participants' memory for the target words was subsequently tested using same and novel independent probes. In both experiments it was found that although participants were successful at forgetting on both the same and independent-probe tests in the low working memory load condition, they were only successful at forgetting on the same-probe test in the high working memory load condition. We argue that our findings suggest that the high load working memory task diverted attention from direct suppression and acted as an interference-based strategy. Thus, when cognitive resources are limited participants can switch between the strategies they use to prevent unwanted memories from coming to mind.
Ever since early theorists made the link between our apparent ability to suppress upsetting memories and the potential consequence of doing so for our physical and mental wellbeing (James, 1950) , researchers and clinicians have tried to establish empirically, the extent to which we possess executive control over memory (e.g., Glucksberg & King, 1967; Rosenzweig & Mason, 1934) . More recently, Anderson and Green (2001) have arguably come closer than most in identifying the possible cognitive mechanisms underlying this kind of motivated forgetting. Using the Think/NoThink (TNT) procedure, Anderson and Green found that participants who had been trained to "not think" or suppress target words associated with particular cues that had previously been learned, remembered fewer suppressed words than controls which had received neither "think" nor "no-think" instructions.
The decrement in recall performance for suppressed items (i.e., suppression-induced forgetting) has been demonstrated with a range of materials (e.g., Depue, Curran, & Banich, 2007; Noreen & MacLeod, 2013 Noreen, Bierman, & MacLeod, 2014 ; but see Bulevich, Roediger, Balota, & Butler, 2006) and taken by some as evidence of an inhibitory mechanism that can reduce the subsequent availability of a memory (e.g., Anderson et al., 2004; Bergström, de Fockert, & Richardson-Klavehn, 2009a , 2009b ; see , for a review). According to this account, suppression is due to an executive control mechanism that inhibits the representation of the unwanted memory, deliberately impairing its retention and rendering it inaccessible (Anderson et al., 2004) .
The notion that memory suppression is an active process requiring cognitive control is supported by research which has demonstrated a suppression-induced forgetting effect when recall is tested with the original cue, and with a novel independent probe (i.e., semantic category plus the first letter of the target; Anderson & Green, 2001; Anderson et al., 2004) suggesting that the memory representation of the unwanted information has been inhibited (but see Camp, Pecher, Schmidt, & Zeelenberg, 2009, and Anderson & , for a detailed discussion on the independent nature of independent cues). Further support for this account comes from neuroimaging studies which have found increased activation in fronto-parietal regions, including the right dorsolateral prefrontal cortex (DLPFC) and reduced hippocampal activation during memory suppression (e.g., Anderson et al., 2004; Benoit & Anderson, 2012; Benoit, Hulbert, Huddleston, & Anderson, 2015; Depue et al., 2007) . Furthermore, effective connectivity analyses have shown a top-down modulatory influence of DLPFC on the hippocampus (Benoit & Anderson, 2012; Gagnepain, Henson, & Anderson, 2014) , with negative coupling from the DLPFC predicting the size of the suppression-induced forgetting effect (Benoit & Anderson, 2012; Benoit et al., 2015; Depue, Orr, Smolker, Naaz, & Banich, 2015) . The finding that strong engagement of control-related brain regions and the degree of hippocampal activity during memory suppression are related to the size of the forgetting effect suggests that individuals can regulate activity in the hippocampus and disengage from conscious recollection which disrupts later memory performance.
Additional support for the notion that memory suppression involves cognitive control comes from research with attention deficit hyperactivity disorder (ADHD) individuals who show significantly impaired suppression-induced forgetting, reduced engagement of the DLPFC, and diminished regulation of the hippocampus (Depue, Burgess, Willcutt, Ruzic, & Banich, 2010) . Research has also found that the variability between individuals in the magnitude of the suppression-induced forgetting effect maps onto known individual age-related differences in cognitive control efficiency (Levy & Anderson 2008) . For example, children and older adult groups that have previously been associated with reduced cognitive control ability have also shown a reduced suppression-induced forgetting effect (Paz-Alonso, Ghetti, Matlen, Anderson, & Bunge, 2009) . Furthermore, the forgetting effect is greater following advance warnings of no-think trials (Hanslmayr, Leipold, & Bauml, 2010) , suggesting the effect is under active strategic control.
Some researchers have further suggested that inhibitory processes involved in this type of memory suppression might be analogous to inhibitory processes involved in motor response inhibition (e.g., Garavan, Ross, Murphy, Roche, & Stein, 2002; Menon, Adleman, White, Glover, & Reiss, 2001) , such that the same basic mechanism may be involved in the control of both memory and behavior (e.g., Anderson, 2005; Anderson & Weaver, 2009; Levy & Anderson, 2008) . Electroencephalogram (EEG) research, for example, has revealed electrophysiological indices of cognitive control during memory suppression, including an enhanced frontal N2 component that was considerably greater for suppressed items that are later successfully forgotten (Mecklinger, Parra, & Waldhauser, 2009) . The N2 has also been implicated in the inhibition of motor responses (Kopp, Rist, & Mattler, 1996) . Furthermore, research has also found a significant relationship between measures of memory and behavioral inhibition, such as the stop signal task (Depue et al., 2010 ; but see Noreen & MacLeod, 2015) .
Although there is considerable support for the involvement of an inhibitory mechanism in memory suppression, there is also some research which suggests that forgetting effects may be due to a non-inhibitory mechanism, such as associative interference. Associative interference involves creating new associations with the cue word in order to avoid thinking about the target word. Bergström et al. (2009b) , for example, had participants think of a substitute memory in order to help them "not think" about the original target or undergo a standard direct suppression condition. They found that while participants showed a forgetting effect on the same-probe test for both the direct suppression and thought substitution conditions, only individuals in the direct suppression condition demonstrated a forgetting effect on the independent-probe test. These findings suggest that there is a dissociation between inhibitory and non-inhibitory forgetting. More recently, however, an inhibitory account of thought substitution has also been put forward with research suggesting that when two items in memory are associated with the same cue they compete with each other for retrieval, and inhibition is recruited in order to resolve the competition and suppress the unwanted target memory. In line with this, research has found that participants can also show successful forgetting on both the same and independent-probe recall tests using a thought substitution strategy under conditions in which sufficient competition is created (Benoit & Anderson, 2012; Del Prete, Hanczakowski, Bajo, & Mazzoni, 2015) . Taken together, these findings suggest that, while forgetting on both same-probe and independent-probe tests can be due to an inhibitory or a non-inhibitory mechanism, forgetting on same-probe tests but not independent-probe tests is more readily explained in terms of a non-inhibitory mechanism.
The notion that we can forget by retrieving alternative memories is extraordinarily similar to the widely documented effect of retrieval-induced forgetting (RIF; Anderson, Bjork, & Bjork, 1994) . Retrieval-induced forgetting has been studied using the selective retrieval-practice paradigm (Anderson et al., 1994) and refers to the notion that retrieving some information subsequently induces forgetting of non-retrieved competing information. Research has found retrieval-induced forgetting effects using both the same and independent cue technique providing support for an inhibitory account of forgetting (e.g., Anderson & Spellman, 1995; E.L. Bjork, Bjork, & MacLeod, 2006; MacLeod, 2002; MacLeod & Macrae, 2001; Shaw, Bjork, & Handal, 1995) .
Given the similarities between the thought substitution strategy of the TNT task and the retrieval-practice task, more recent research has attempted to distinguish between the inhibitory and interference accounts in thought substitution. Wang, Cao, Zhu, Cai, and Wu (2015) used a double-cue paradigm in which two cues were associated with the target during memory formation. Participants were then presented with one cue and underwent interference or suppression training. In the interference-based training, participants were presented with the substitute words. In the final test, both cues were used to retrieve the target memory. Wang and colleagues found that while interference caused memory impairment restricted to the cuetarget association, suppression-induced forgetting was observed with the independent cue-target association. Given that no retrieval was recruited in the interference condition of the study, these findings provide strong support that suppression and interference produce qualitatively different effects, with suppression inhibiting the target memory from conscious awareness.
Currently, much of the existing research has indirectly investigated the role of cognitive control functions in intentional forgetting. We therefore decided to adopt a more direct approach and examine the impact of manipulating cognitive control on suppression. Specifically, we aimed to measure the forgetting effect under varying conditions of concurrent cognitive load. Previous research has found that efficiency of inhibitory control is related to working memory capacity (WMC), such that individuals with high WMC are significantly better at inhibiting taskirrelevant information compared to those with lower WMC (Redick, Heitz, & Engle, 2007) . In line with this, measures of WMC are found to predict performance on tasks requiring controlled inhibition, such as the Stroop task (Kane & Engle, 2003) , directed forgetting task (Aslan, Zellner, & Bauml, 2010) , and the retrieval-practice task (Ortega, Gomez-Ariza, Roman, & Bajo, 2012) . For example, research has found that while individuals may exhibit retrieval-induced forgetting effects in typical conditions, when retrieval practice is undertaken concurrently with a task that requires executive control resources, participants show impaired forgetting (Ortega et al., 2012; Roman, Soriano, Gomez-Ariza, & Bajo, 2009) .
We report two experiments in which we tested participants' ability to intentionally suppress retrieval of unwanted memories in the TNT paradigm under varying conditions of concurrent cognitive load. In both experiments, participants learned a series of cue-target word pairs and were told to recall the target words associated with some cues (i.e., respond condition), and "not think" about the target word associated with other cues (i.e., suppress condition), as well as perform a modified version of the n-back task. The n-back task required participants to respond to the identity of a single target letter, present in the currently presented cue word (0 = back condition, low working memory load), or in either the previous cue word (1 = back condition, high working memory load, Experiment 1), or the cue word presented two trials previously (2 = back condition, high working memory load, Experiment 2). Thus, whereas in the high working memory load condition participants had to maintain the identity of the target letter, no such requirement was made in the low load condition. We used this task as a manipulation of cognitive control, since working memory is regarded as a key component of the cognitive control functions supported by the frontal lobes (De Fockert, 2013; Lavie, Hirst, de Fockert, & Viding, 2004) .
Our principal effect of interest was the magnitude of the forgetting effect on the same-probe and independent-probe tests as a function of working memory load during the TNT phase. We predicted that, if forgetting involves active cognitive control, then the forgetting effect should be greater during low working memory load, when cognitive control will be available to prevent processing of the learned associate in the "no-think" condition. The high working memory load task may compete for cognitive control resources with the process of memory suppression, leading to a reduction in the forgetting effect under high working memory load. Importantly, the load effect should be present on both the same-probe and the independentprobe tests, as the impairment of inhibition by load should leave the no-think item representation more highly activated under high working memory load.
Experiment 1
Method Participants Thirty-two healthy never-depressed undergraduate students (12 M; 20 F) from Goldsmiths, University of London (mean age = 22.0 years; SD = 3.4) volunteered to take part in the study in exchange for course credit. All participants were screened for depression using a screening questionnaire and the Beck Depression Inventory-II (Beck, Steer, & Brown, 1996) . Ethical approval was obtained from Goldsmiths Research Ethics Committee.
Materials
The TNT task comprised 45 neutral noun-noun word pairs taken from Anderson and Green (2001) . Word pairs were divided into five sets of nine words, with one set each assigned to the respond high load, respond low load, suppress high load, suppress low load, and a baseline condition. The assignment of each word pair set was fully counterbalanced across all participants. In addition, eight additional noun-noun pairs (also from Anderson & Green, 2001) were used for the practice TNT phase.
Thought Intrusions Questionnaire
Participants were asked to rate the degree to which they focused on looking at the word as it appeared on the screen (1 = never to 5 = all the time); how difficult they found it to "not think" about the original memory associated with the word (1 = not difficult at all to 5 = very difficult); how often the (original) associated memory came to mind (1 = never came to mind to 5 = always came to mind); how often other thoughts unrelated to the task came to mind when the cue was presented (1 = never came to mind to 5 = always came to mind); the extent to which they tried to actively stop the associated target word from coming to mind when they saw the cue word (1 = tried all the time to 5 = did not try at all) and the extent to which they focused their attention on the black letter to avoid focusing on the word (1 = never to 5 = all the time).
Procedure

Learning Phase
Participants were initially presented with each word pair for 5,000 ms and were asked to study each word pair as they would be tested on these word pairs after the whole list had been presented. This was then followed by a 500 ms intertrial interval. All 53 word pairs were presented.
Cued Recall Phase
Following the presentation of the word pairs, participants were given a cued recall test. The recall test consisted of each cue word being presented for 4,000 ms. During this time, participants were asked to recall the associated target word. Following a delay of 300 ms participants were provided with feedback (i.e., the correct response) for 1,000 ms. This was then followed by an intertrial interval of 300 ms. In line with Anderson and Green (2001) participants were required to achieve 50% accuracy on the recall test in order to advance to the next stage of the experiment.
1
Think/No-Think Practice Phase See Figure 1 for an example of TNT trials. Participants were informed that they would see some of the cue words, all of which they had seen previously. The cue words were presented in either a green or a red font. In addition, participants were informed that for each of the green or red cues, they would see one letter in black (i.e., the letter "tape" in red with the letter "e" in black). The letters in black were always one of five vowels (i.e., "i, o, u, e, a") and differed during trials, such that no cue word always contained the same letter in black. Participants were told that for the green cue words (i.e., "respond" condition) their task was to recall the associated word out loud. In line with the direct suppression instructions by Bergström et al. (2009b) and Benoit and Anderson (2012) , for the red cues, participants were told to block the memory of the corresponding target word from coming to mind, but not by replacing it with other memories or thoughts (i.e., "suppress" condition).
Low Load Think/No-Think Condition
In the low load condition, participants were instructed to press the letter on the keyboard that corresponded to the letter in black for both respond and suppress cue words. Participants were told that they could press the key that corresponded to the black letter at any time during the 4 s the cue word was on the screen. For example, if the cue word was "dough" in green font with the letter "u" in black font, participants would press the letter "u" during that trial.
High Load Think/No-Think Condition
For the high load condition participants were instructed to press the key that corresponded to the black letter presented one trial previously, regardless of whether it was in red or green font. Participants were told that they could press the key that corresponded to the black letter at any time during the 4 s the cue word was on the screen. For example, if the cue word was "relax" in green font with the letter "a" in black font on the previous trial, and the current trial presented the cue word "radio" in red font with the letter "i" in black font, participants would press the letter "a" on the current trial, and "i" on the next trial during the 4 s the cue word was presented. Participants were informed that it was very important that they try to recall or "not think" about the green and red cue words, respectively, while also complying with high and low load task instructions.
In order to ensure that participants understood the procedure for the main think/no-think phase of the TNT task, participants were given a training phase for the high load and low load TNT conditions prior to completing the main phase. 
Think/No-Think Main Phase
In the main TNT phase, participants were given a total of 576 trials, which included all respond and suppress words being presented 16 times each from the four sets of words. The 576 trials were split into four blocks of 144 trials. Two of the blocks were allocated to the high load condition, while the other two blocks were allocated to the low load 1 Participants were given three attempts to reach this criterion. If participants failed to reach this criterion within the permitted number of attempts the experimental procedure was terminated. In our study, however, all of the participants reached this criterion. 2 For each of the high and low load conditions, two filler cue words appeared in green (eight times each) and two cue words appeared in red (eight times each), thereby resulting in 32 practice trials.
condition. The order of instructions was counterbalanced, such that half of the participants completed the low load blocks first, while the remaining participants completed the high load blocks first. In addition, we had nine items for each vowel in black font, with subsequent blocks being counterbalanced across respond, suppress, and baseline instructions. We also ensured that no same letters in black font were presented in two consecutive trials.
Each trial began with a small fixation cross appearing in the center of the screen for 200 ms. Subsequently, a cue word appeared for 4,000 ms. On respond trials, participants were instructed to recall aloud the target word. Incorrect responses resulted in the correct target being displayed for 1,000 ms in blue. This was then followed by an intertrial interval of 400 ms before the next trial began. On a suppress trial, participants were required to withhold their response and to prevent the corresponding word from coming to mind. In addition, for the low load condition, participants were instructed to press the letter on the keyboard that corresponded to the letter in black for both respond and suppress cue words. In the high load condition, participants were instructed to press the letter that corresponded to the letter presented one trial previously.
Final Recall Phase
The final recall phase consisted of participants being tested for all of the target words by completing both the sameprobe and an independent-probe test. The order of test administration was counterbalanced. In the same-probe test, participants were presented with all 45 cue words and were asked to recall all the target words associated with every cue. Each trial began with a central fixation cross being displayed for 200 ms. Subsequently, a cue word was presented for 4,000 ms. This was followed by an intertrial interval of 400 ms before the next trial began. For the independent-probe test, participants were presented with the first letter and the semantic category of each target word and were informed that all the target words had been seen by them previously. Each trial began with a fixation cross being displayed for 200 ms. Subsequently, the first letter and the semantic category of the target word were presented for 4,000 ms. Participants were asked to recall the target word out loud. This was then followed by an intertrial interval of 400 ms before the next trial began. Finally, participants were given the thought intrusions questionnaire to complete.
Results
Performance on the n-Back Task We first investigated accuracy on the n-back task, by conducting a 2 ( 
Recall Accuracy at Final Test
We computed the percentage of correctly recalled target words in the respond and suppress conditions for each participant, as a function of working memory load, as well as in the baseline condition, on both the same-probe and independent-probe tests. In order to analyze all the data in a single factorial design, we first calculated the instruction effect for each experimental condition by subtracting the baseline score from the respond and suppress scores for high and low load, respectively. These difference scores were Figure 2) .
Subsequent pairwise comparisons revealed that for the respond condition, there was no effect of working memory load on the size of the facilitation effect on the same-probe (high load M = 12.15, SEM = 2.46 vs. low load M = 12.85, SEM = 2.87; t(31) = .39, p = .70) and the independent-probe test (high load M = 9.37, SEM = 3.50 vs. low load M = 10.07, SEM = 3.81; t(31) = .24, p = .81). Furthermore, results also revealed that working memory load also had no impact on the size of the forgetting effect for the same-probe test (high load M = À11.81, SEM = 3.42 vs. low load M = À9.73, SEM = 3.55; t(31) = .50, p = .62). Importantly however, there was a significant effect of working memory load on the size of the forgetting effect on the independentprobe test, with participants showing a forgetting effect of 9.4% in the low load condition and showing enhanced recall of suppress items in the high load condition (high load M = 1.04, SEM = 3.75 vs. low load M = À9.38, SEM = 3.60; t(31) = 2.17, p = .04, d = .50). See Table 1 for a breakdown of recall accuracy across experimental conditions.
Recall in the Respond Condition of the TNT Phase
We also investigated whether there were any differences in recall performance in the respond condition for the high and low conditions and found that participants showed no significant differences in the recall of respond target words in the high and low load conditions, (M = 95.85, SEM = .75 vs. M = 96.14, SEM = .90; t(31) = .27, p = .79.
Thought Intrusions Questionnaire
Our analysis of the thought intrusion scores revealed that participants showed no significant difference in their overall responses as a function of load, suggesting that participants focused on looking at the suppress cue words to the same extent in the high and low load conditions during the think/no-think phase (M = 3.09, SEM = .13 vs. M = 3.22, SEM = .12, respectively; t(31) = 1.11, p = .27). We also found that there were no differences as a function of load in the extent to which unrelated thoughts to the task came to mind (M = 2.52, SEM = .12 vs. M = 2.60, SEM = .13, respectively; t(31) = .72, p = .48) or in the extent to which participants actively tried to prevent the target word from coming to mind in the high and low load conditions (M = 3.32, SEM = .16 vs. M = 3.16, SEM = .14, respectively; t(31) = 1.38, p = .18).
Furthermore, there was also no difference in the extent to which participants focused their attention on the black letter to avoid focusing on the cue word itself in the high and low load conditions (M = 2.79, SEM = .20 vs. M = 2.84, SEM = .18, respectively; t(31) = .44, p = .66). We did, however, find that participants expressed greater difficulty in "not thinking" about the original memory associated with the cue word in the low than the high load suppression condition (M = 3.0, SEM = .15 vs. M = 2.58, SEM = .12; t(31) = 2.94, p < .01, d = 0.56). We also found that the target words associated with the cue words came to mind more often in the low than the high load condition (M = 3.19, SEM = .18 vs. M = 2.74, SEM = .12, respectively; t(31) = 2.46, p < .05, d = .52).
Discussion
The results from Experiment 1 found that participants were successful at suppressing "no-think" words on the same and independent-probe test in the low load condition. In the high load condition, however, although participants showed a forgetting effect on the same-probe test, they failed to suppress "no-think" words on the independentprobe test.
We predicted that if suppression of no-think items competes for resources with the working memory task, then forgetting of no-think items would be reduced under high working memory load on both the same-probe and the independent-probe tests. We found that while the suppression effect for no-think items was indeed eliminated under high working memory load on the independentprobe test, it remained unaffected on the same-probe test. One possible reason why we found a forgetting effect on the same-probe test, but not the independent-probe test in the high load condition may relate to the nature of the working memory task that we used. As the n-back task involved participants focusing on retrieving the target letter in black (i.e., the correct letter from the previous trial in the high load condition) as well as recalling or suppressing target words, it is possible that the high load condition acted as an interference-based strategy by allowing participants to focus on retrieving the target letter in order to prevent the suppress words from coming to mind.
Support for this comes from research which has found that suppression and interference produce qualitatively different effects. For example, Wang et al. (2015) used a double-cue paradigm and found that participants undergoing suppression training showed a forgetting effect on the same and independent-probe test, but participants undergoing interference training only showed a forgetting effect on the same-probe test. Support also comes from our thought intrusion questionnaire which found that participants reported that the target words came to mind more often in the low than high load condition, and expressed greater difficulty in "not thinking" about the target word in the low load condition. Furthermore, participants also reported no significant differences in the extent to which they experienced task-irrelevant thoughts for the high and low load conditions which further suggests that working memory load did not lead to an overall difference in additional strategy use or attentional focus (i.e., differences in the extent to which participants focused on the cue word on the screen).
The increased tendency of suppress words coming into awareness under the low working memory load condition is likely to have necessitated greater inhibitory control in order to prevent the target memory from coming to mind. This is consistent with research which has found that intrusions of the unwanted memory are important in triggering inhibitory control in the TNT task. For example, Levy and Anderson (2012) found that intrusions triggered profound down-regulation of hippocampal activity relative to non-intrusions, and also predicted later forgetting. Furthermore, Benoit et al. (2015) also reported increased engagement of DLPFC during intrusions and showed that DLPFC coupling with hippocampus was related to intrusion reductions. Thus, these findings provide support the notion that suppress words under low load were successfully inhibited (e.g., Bergström et al., 2009b) .
Our findings that high working memory load eliminated forgetting only on the independent-probe test, and not same-probe test, suggest that the high working memory load task may have worked as an interference strategy rather than create direct competition for cognitive control resources between working memory and intentional forgetting mechanisms. Thus, any forgetting following a strategy involving diverting processing away from the target word would be based on differential processing of the target word, rather than the to-be-avoided associate, and therefore would only lead to a forgetting effect on same-probe tests, and not on independent-probe tests where the target word doesn't feature (see Bergström et al., 2009b) .
It is important to mention that in our study we found that working memory load had no significant effect on recall in the "think" condition. This is surprising given that research has found that when two concurrent tasks are performed simultaneously performance deteriorates (e.g., Kahneman, 1973; Navon & Gopher, 1979) . The fact that we failed to find differences suggests that working memory was insufficiently loaded to lead to consistent changes in recall of the "think" and "no-think" words, which in turn could explain the finding that suppression of the "no-think" target words was significantly modulated by high working memory load only in the independent-probe condition. In other words, a higher load on working memory may prevent successful suppression of the "no-think" target words and eliminate the suppression effect on both the same-probe test and the independent-probe test. The aim of Experiment 2 was to test this possibility as well as replicate the results of Experiment 1.
Experiment 2
Given the limitations of the working memory load task, the aim of Experiment 2 was to increase the task demands for the high load condition. If working memory was insufficiently loaded which led to suppression of the "no-think" target words being significantly modulated by high working memory load only in the independent-probe condition, then we would expect that by increasing task demands for the high load condition should lead to reduced forgetting effects on the same and independent-probe tests. If, however, our post hoc interpretation that the high working memory load tasks acts as an interference-based strategy to avoid thinking of the to-be-suppressed word, then Experiment 2 should replicate the forgetting effects in the high load condition and find that high working memory load is associated with reduced forgetting only on the independent-probe test. Similar to Experiment 1, the low working memory load condition required participants to report the black letter from the currently presented word (0-back task). In Experiment 2, however, the high working memory condition used the 2-back task which required participants to report the black letter from the cue word presented two trials previously (2-back task).
Method Participants
Thirty-three healthy students (27 F and 6 M; age 18-30 years) from Goldsmiths, University of London took part in the study and were reimbursed (£10) for their participation. All participants were screened for depression using a screening questionnaire and the Beck Depression Inventory-II (Beck et al., 1996) . Ethical approval was obtained from Goldsmiths Research Ethics Committee.
Materials and Procedure
The materials and procedure for this experiment were identical to those used in Experiment 1, with one notable exception. In this experiment we used the 2-back task as the high load working memory condition. For the 2-back task, participants were instructed to press the key that corresponded to the black letter presented two trials previously. Participants were informed that it was very important that they try to recall or "not think" about the green and red cue words, respectively, while also complying with high and low load task instructions.
A potential limitation of Experiment 1 was that we did not explicitly ask participants about the extent to which they engaged with using an interference-based strategy. Thus, it currently remains unclear whether participants did in fact focus on the black letter to avoid thinking about the target word. In order to determine if this was the case, we changed the wording of our final question on the thought intrusions questionnaire to determine the extent to which participants were using the black letter as a strategy to prevent the target word from coming to mind (i.e., "to what extent did you focus on remembering the black letter as a strategy to avoid thinking about the target word"; 1 = never to 5 = all the time).
Results
Performance on the n-Back Task Performance on the n-back task was assessed by conducting a 2 (Working Memory Load: High Load vs. Low Load) Â 2 (Instruction: Respond vs. Suppress) ANOVA, which revealed a main effect of Working Memory Load, F(1, 31) = 102.06, p < .01, η p 2 = .76. Performance was better in the low compared to the high load condition (M = 90.58, SEM = 1.0 vs. M = 48.17, SEM = 4.36, respectively). There was no main effect of Instruction, nor an Instruction by Working Memory Load interaction; F(1, 31) = 2.91, p = .10; F(1, 31) = 3.35, p = .08, respectively.
Recall Accuracy at Final Test
As in Experiment 1, we calculated the instruction effect for each experimental condition by subtracting the baseline score from the respond and suppress scores for high and low load, respectively. These scores were then entered into a 2 ( There was no significant main effect of Probe Type; F(1, 32) = 0.04, p = .85. We also found that there were significant two-way interactions between Instruction and Probe Type, F(1, 32) = 17.02, p < .01, η p 2 = .21, and between Instruction and Working Memory Load, F(1, 32) = 4.29, p = .04, η p 2 = .06. These two-way interactions were qualified by a significant three-way interaction between Instruction, Working Memory Load, and Probe Type, F(1, 32) = 5.0, p = .03, η p 2 = .07 (see Figure 3) .
Consistent with Experiment 1, subsequent pairwise comparisons showed that for the respond condition, there was no effect of working memory load on the size of the facilitation effect on the same-probe test (high load M = 19.86, SEM = 3.09 vs. low load M = 18.85, SEM = 2.80; t(32) = 0.72, p = .48) and the independentprobe test (high load M = 11.78, SEM = 3.55 vs. low load M = 12.79, SEM = 3.87; t(32) = 0.41, p = .69). Furthermore, we found that working memory load had no impact on the size of the forgetting effect on the same-probe test (high load M = À8.39, SEM = 3.49 vs. low load M = À8.72, SEM = 4.12; t(32) = 0.07, p = .94). Importantly, we found a significant effect of working memory load on the size of the forgetting effect on the independent-probe test, with participants showing a forgetting effect in the low load condition but enhanced recall of suppress items in the high load condition (low load M = À8.08, SEM = 4.28 vs. high load M = 8.42, SEM = 4.91; t(32) = 2.95, p < .01, d = 0.62). See Table 2 for a breakdown of recall accuracy.
Recall in the Respond Condition of the TNT Phase
We investigated whether there were any differences in recall performance in the respond condition for the high and low conditions and found that participants correctly recalled significantly more target words in the low than high load condition, (M = 98.08, SEM = 0.36 vs. M = 88.15, SEM = 1.94; t(31) = 5.25, p < .01, d = 1.23.
Thought Intrusions Questionnaire
Consistent with Experiment 1, our analysis revealed that participants focused on looking at the suppress cue words to the same extent in the high and low load conditions during the think/no-think phase (M = 3.81, SEM = .19 vs. M = 3.0, SEM = .17, respectively; t(32) = 1.18, p = .25). We also found no differences as a function of load in the extent to which unrelated thoughts to the task came to mind (high load M = 2.18, SEM = .17 vs. low load M = 2.37, SEM = .16, respectively; t(32) = 1.96, p = .06) or in the extent to which participants actively attempted to prevent the target word from coming to mind in the high and low load conditions (M = 3.21, SEM = .22 vs. M = 3.33, SEM = .20, respectively; t(32) = 0.60, p = .55). Participants, however, expressed greater difficulty in "not thinking" about the original memory associated with the cue word in the low, compared to the high load condition (M = 3.17, SEM = .21 vs. M = 2.27, SEM = .20; t(32) = 3.44, p < .01, d = 0.77). We also found that the target words associated with the cue words came to mind more often in the low than the high load condition (M = 3.06, SEM = .16 vs. M = 2.13, SEM = .18; t(32) = 4.43, p < .01, d = 0.97). Interestingly, we found that participants focused their attention on remembering the black letter in order to avoid thinking of the target word significantly more in the high than low load condition (high load M = 2 = 3.45, SEM = 0.28 vs. low load M = 2.63, SEM = 0.24, respectively; t(32) = 2.83, p < .01, d = 0.54).
Discussion
Consistent with the results from Experiment 1, our results from Experiment 2 revealed that participants undergoing the high load condition showed a forgetting effect on the same-probe test, but were unsuccessful at demonstrating a forgetting effect on the independent-probe test. These findings were contrary to the prediction that a higher working memory load would prevent successful suppression of the "no-think" target words and eliminate the suppression effect on both the same and independent-probe tests. Rather, we found that the forgetting effects on the same-probe test were almost identical across working memory load conditions. The fact that a high working memory load eliminated the forgetting effect on the independent and not the same-probe test, suggests that the effect of working memory load on memory suppression is due to an interference-based strategy rather than competition for cognitive control resources. This is further supported by the results of the thought intrusion questionnaire which found that participants focused on remembering the black letter as a strategy to avoid thinking about the target word significantly more under high compared to low working memory load.
Interestingly, increasing the loading of the high load condition did not lead to significant changes in the final recall of respond words in the high and low conditions. Rather, we found that participants were reporting high levels of recall of the respond words across both conditions. This is surprising given that research suggests that when two concurrent tasks are performed simultaneously performance often deteriorates (e.g., Kahneman, 1973; Navon & Gopher, 1979) . It is important to mention, however, that loading did have an impact on participant's ability to recall the respond words during the TNT phase of the experiment as participants recalled significantly more respond words correctly in the low than high load conditions. One reason for these findings may relate to demands of the high load condition in this experiment and the nature of the TNT task. As participants are expected to recall each respond target 16 times, it is possible that the while the high load condition impairs their ability to retrieve the target words correctly during the task, repeated attempts at recalling the target words lead to sufficient practice thus eliminating any recall differences at final test.
General Discussion
The aim of the current work was to examine the impact of manipulating cognitive control on suppression. Specifically, we used the TNT task to examine suppression under varying concurrent cognitive load. Across two experiments our results revealed that participants successfully showed a suppression-induced forgetting effect in the low load condition. In the high load condition, however, although participants were successful at showing a forgetting effect on the same-probe test, they failed to demonstrate a forgetting effect for "no-think" words on the independent-probe test. These findings are consistent with our explanation that the high working memory load serves as an interferencebased strategy by enabling individuals to focus on retrieving the letter from a previous trial in order to prevent the target word from coming to mind. The fact that there was no evidence of forgetting on the independent-probe test for the high load condition is consistent with research which has found that participants engaging in interference fail to show below-baseline forgetting on the independent-probe test (Wang et al., 2015; Bergström et al., 2009b ; but see Racsmány, Conway, Keresztes, & Krajcsi, 2012 , for evidence for yet another suggested source of the forgetting effect).
Given that research suggests that interference-based strategies, such as thought substitution, may rely on inhibitory processes with suppression as a function of retrieving alternative memories (Benoit & Anderson, 2012) , it is important to mention that our working memory load task in both experiments was similar to the interference training of Wang et al. (2015) . In their study, participants learnt to associate cues with the target memory and were then given interference training with substitute words being presented. The fact that participants were not required to retrieve any information eliminated any potential inhibition caused by retrieval practice. In our experiments, the high load condition involved participants recalling the target letter from the previous trial or previous two trials while also engaging in suppression, thus, we were very careful to ensure that our memory load tasks minimized the development of alternative associations during the suppression condition, making it unlikely that forgetting was a function of retrieving alternative thoughts.
It is, however, possible that as participants had to remember the letter from the cue word of the previous trials as well as prevent the target word from coming to mind, the letter may have been encoded with the cue word, and this association may have subsequently blocked access to the target word on the same-probe test, but not the independent-probe test. While we do acknowledge this possibility, it is important to mention that in our experiments all the target letters were vowels that were counterbalanced across trials, such that participants were exposed to each of the five vowels equally per cue word. Thus, it is unlikely that the vowels, featuring in the spelling of the cue words, would have been associated to such an extent that they could have interfered with the retrieval of the target word on the same-probe test.
Our prediction that the high load cognitive task may consume processing resources that would otherwise be directed to memory suppression, and should result in reduced forgetting on both same and independent-probes under high load was not supported by the results of the current experiments. It is still possible, however, that the high memory load condition did in fact disrupt the ability to engage inhibitory control and prevent participants from actively suppressing intruding memories. Given the fact that the high memory load condition was indeed distracting, it is possible that adding a concurrent memory load abolished inhibitory resources that would otherwise have been directed at suppression. This idea is consistent with research on executive control and retrieval-induced forgetting which has found that while individuals may exhibit retrieval-induced forgetting effects in typical conditions, when retrieval practice is undertaken concurrently with a task that requires executive control resources, participants show impaired forgetting (e.g., Ortega et al., 2012; Roman et al., 2009 ). Therefore, it is possible that as the high load condition imposed greater processing demands, participants were unable to recruit inhibitory resources to actively suppress the unwanted memories form coming to mind, and instead used the working memory task as a means of actively "not thinking" about the target words. The idea that individuals focused on remembering the target letter from previous trials instead of actively suppressing the target word in the current trial is also supported by our results from the thought intrusions questionnaires. Participants from both experiments reported that the target words came to mind more often in the low than high load condition, and expressed greater difficulty in "not thinking" about the target word in the low load condition. Moreover, when we asked participants more explicitly about a possible strategy involving them focusing on remembering the black letter in order to avoid thinking about the target word in Experiment 2, we found that they reported doing so more often under high compared to low working memory load.
The increased tendency of suppress words coming into awareness under the low working memory load condition is likely to have necessitated greater inhibitory control in order to prevent the target memory from coming to mind. The fact that participants were successfully able to forget "suppress" words on both the same-probe and independent-probe tests under low load suggests that these items were successfully inhibited Bergström et al., 2009b) . These findings are consistent with previous research which has found that hippocampal activity was down-regulated during memory intrusions and predicted later forgetting (Levy & Anderson, 2012) .
In the high working memory load conditions, however, participants reported that suppress words came to mind less often, and that not thinking of these items was significantly easier. This finding is not in line with the prediction that high working memory load would interfere with participants' ability to inhibit the target word: in that case not thinking of these items should be more, rather than less difficult. Instead, it is consistent with our prediction that the high working memory load task acted as an interference strategy Wang et al., 2015) . Importantly, participants reported no significant differences in the extent to which they experienced taskirrelevant thoughts for the high and low load conditions which further suggests that working memory load did not lead to an overall difference in additional strategy use or attentional focus.
To conclude, we have presented evidence that manipulating working memory load during intentional forgetting leads to a distinct pattern of recall of the to-be-suppressed memories on the same and independent-probe tests. In doing so, the current research provides direct evidence that when cognitive resources are limited individuals can switch strategies to prevent unwanted memories from coming to mind.
